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THE EPrECTS OE AIT&LL OE DEAD RISE AITD AITGLE OF AETERPODY KEBL 
Oil THE RESISTANCE OF A MODEL OF A FLYIFC—BCAT HULL 
By Joe ¥. Sell end, John M. Willis, Jr. 

SUMMARY 



A seri.es of iriodeln of flying-toat hulls v/as tested in 
ITAGii taiil: no. 1 to deterr.ine the effects of the angle of 
dead rise and the angle of afterhody keel on resistance 
and spray characteristics. Three angles of dead rise, 144 
19^, and , and three angles of aftertody keel, 4^, 6^^ , 

and Si^, were investigated. The tests included nine con- 
figurations incorporating a.11 possible coinbinat ions of 
these values. The results of the tests are expressed in 
nondiniens ional co of f i c i ent s . 

The effect of angle of dead rise on resistance and 
best trim v/as negligible up to and incliiding the hump. At 
higher speeds, the resistance was reduced by the lov;er 
dead rise and increased by the higher dead rise. These 
differences, however, were relatively small. 

At small angles of afterbody keel, the resistance v;as 
lov; at lov/ speeds and high at planing speeds. The positive 
trimming moments v/erc reduced by reducing the angle of aft- 
erbody keel. High angles of afterbody keel gave a higher 
best trim at the hump and at planing speeds. 

The effects of angle of afterbody keel were consist- 
ent at all angles of dead rise and the effects of dead 
rise v;ere consistent at all angles of afterbody keel. 

An appendix shov/ing the method used for deriving 
models of the 126A and 126C series from the basic model 
126B— 2 is included. V/orking charts for the d ot erm. ina t i on 
of resistance and trimming moment for the model 126B— 2 
arc also given. 



INTHODUCTION 



ThG purpose of the tests v/as to determine the effects 
of angle of afteriDody keel and angle of de^d rise on 
resistance and spray characteristics and to determine 
whether the effects of varying either of these angles 
are influenced l>y the v alue of the other angle. 

The effects of the angle of afterhody keel and the 
angle of dead rise have "been investigated separately in 
a numher of earlier tests. The results of SAGA investiga- 
tions of the resistance effects of angle of afterbody keel 
and angle of dead rise have "been reported in references 1 
and 2/ respect ively. The experimental tov/ing tank of 
•Stevens Institute of Technology has condticted tests in 
v;hich the angle of afterhcdy keel and the angle of dead 
rise were "both investigated "by the use of models developed 
"by • modifying the same hasic set of lines (reference 3). 
The tests at Stevens Institute included "both the resistance 
and the stability characteristics of the models. 

Three angles of after "body keel and three angles of 
dead rise were investigated in the present tests. The 
"basic model of the series was considered typical of cur- 
rent flying hoats. The variations of angle of afterbody 
keel included one value greater and one value smaller 
than that of the basic model. The angles of dead rise also 
included one value greater and one value smaller than the 
basic angle of dead rise. Nine configurations of the 
model, representing all possible combinations of these 
variations, were tested. The tests were conducted in NACA 
tank no. 1 during February and July 1942. 



DESCHIPTIOIT OF MODELS 



The lines of the models are shown in figure 1 and the 
corresponding offsets are given in table I. The basic 
model of the series, model 126B-2, was similar to a l/9~ 
size model of the hull of the ITavy XPB2Y— 3 airplane except 
that the afterbody was raised to increase the depth of 
stop, the form above the chines was simplified, and the 
tail turret was omitted. Models 126A-2 and 126C-2 were 
derived from this form by arbitrary changes in the angle 
of dead rise as indicated in figure lo 



The half— breadths of the chine, the width of chine 
flare, the height of the keel at each station, and the 
length of the forebody v;ere the same for models 125A— 2, 
1263—2, and 126C— 2, The angle "betv/ecn the horizontal and 
the straight portion of each transverse section from "bow 
to sternpost for model 126B v:as 5° less than for model 
126C and 5° greater than for model 126A. The radius of 
chine flare and the height of chine of the derived models 
were dependent on these established values as described 
in the appendix. The sections aft of the sternpost v/ere 
the same for all the models. 

The models v/ore arranged v/ith vertical wedges p.t the 
step in order that the after porti'^n could bo rotated to 
vary the angle of afterbody keel through the range' shown 
in figure 1, In these variations, the depth of step and 
the dista/nce from step to sternpost v;ere held constant. 

Variations in the. angle of dead rise and the angle of 
afterbod^y keel for each model are given in the follov;ing 
table: 



H 0 d 0 1 


.... . , , 
Angle of dead rise 


r 

Angle of afterbody keel 


(dcg) 


(deg) ■ 


123A-1 


14-1 


4 


126A-2 


145 

144 




12SA-r. 


1253-1 


19 


4 


125B-2 


19 




12aB-3 


19 




126 C-1 


254 


4 


126C-2 


=4 

23i 


O 8 


126C-3 



APPASATUS AUD PROCSDUHE 



The tests of each model were made by both the general 
method and the specific method. The NACA tank no.l and 
its related equipment and the methods of the tests are de- 
scribed in reference 4, 

The conditions of the general tests included load ^ 
coeiiicijnts up to a maximum of 1.3 and speed coefficients 
up to 8.0. This range of loads and speeds v;as believed to 



extend "beyond all conditions at which a hull incorporating 
the lines of any of the models might operate. The range 
of trims of the models was selected to include the zero- 
trimming-moment condition and the host-trim condition for 
all the loads and speeds included* 

The models were tested "by the specific method at con- 
ditions corresponding to the assumed gross load and aero- 
dynamic lift of a flying "boat* The load coefficient at 

rest Ca was 1.0P>7. The wing lift of the airplane was 
^ 0 

simulated by the use of a hydrofoil lift device that was 
adjusted to support the entire load of the model at a 
speed corresponding to the assumed value of 7,70 for the 
get-away speed coefficient ^Vq.* Specific tests in the 

free— to-trim condition were included in the tests of the 
models of the 126A and 126C series. In the frce-to-trim 
tests, the models were pivoted about an axis passing 
through a point corresponding to the assumed center of 
gravity of the flying boat. The center of gravity of each 
model was adjusted to the pivot point by the use of bal- 
last located in the model and on a vertical staff ahove 
the models 

The point used as the center of gravity for the free- 
to-trim tests and the center of moments for the fixed-trim 
tests was 4.27 inches forvrard of the step and 16.44 inches 
above the heel. The pivot axis of the towing gear was 
located at this point in the tests of the models of the 
12oA and 126C series. The models of the 1263 series, how- 
ever, had been tested earlier with the use of additional 
equipment that prevented the desired location of the pivot 
axis". Because of this location of the pivot, no free-to- 
trim tests were made with the models of the 126B series. 
Corrections were applied to the trimming moments of the 
1253 series to obtain the trimming moments about the 
selected center of moments. 



RESULTS AiTD DISCUSSION 
Method of Presenting Data 

Hondimensional coefficients based on Proude^s law 
were used to present the results of the tests. The non- 
dimensional coefficients are defined as follows: 





speed coofficiont ( V /v^^r; Id ) 

load coefficient (A/vrTD^^) 

tr irnrriing— moment coefficient (M/wTd ) 

3 

resistance coefficient (^H/wb ) 



where 



beam at step, feet 



speed, feet per second 



load on water, pounds 



M trimming moment, pound— feet 

v; specific weight of v/atcr, pounds per cubic foot (63.5 
for these tests: usually taken as 64,0 for sea 
v/at or ) 

H resistance, pounds 

g acceleration of gravity (o2,2 ft/sec^) 

She moments are referred to a point 4.28 inches for— 
v/ard of the step and IS. 44 inches above the base line. 
Moments having a tendency to raise the bow are considered 
positive. Trim is the angle between the base line and the 
horizontal . 



The effects on resistance coefficient, trim, and 
load-resistance ratio of angle of afterbody keel and of 
angle of dead rise are given in^figures 2 and 3, respec- 
tively. The curves for the models of the 125A and 126C 
series in figures 2(a) and 2(c) were plotted from the 
f r ee— 1 0— tr iin tests of the models. The curves for the 
126B series in figure 2(b) were derived from cross plots 
of the data from the fixed— trim specific tests of the 
models. 

The effect of angle of afterbody keel upon the free- 
to— trim characteristics for angles of dead rise of 141^, 
19*^, and 23i^'may be seen by comparisons of the curves of 



Fr ee-t o-Tr im Tests 



G 



fi,5ures ^(a), 2(13), and 2(c). Heducing the angle of dead 
rise reduced the trim and the resistance at ail speeds up 
to and including the hump. The effect of increasing the 
angle of aftoroodv keel vfa.s opposite and of aoout the same 
order of magnitude. At speeds in excess of the hump speed, 
the effect of the angle of aftcrlDody koel "became less and, 
at eciual angles of dead rise, the trim and the resistance 
of the models "became approximately equal after the after-- 
"bodies cai::o clear of the wr-tcr. The effects of changing 
the angle of afterhody keel v/ero su Ds t ant ially the same 
for the models of different dead rise except that the dif- 
ferences in trim and resistance persisted at higher speeds 
for models of greater dead rise. 

The effects of angle of dead rise on models of eo_ual 
angle of afterhody keel may he seen "by a comparison of the 
free— to—trim cvirves of models 126A— 2, 126B— 2, and 126C— 2. 
in figure 3. The changes in angle of dead rise caused 
relatively small changes in the resistance at the hump. 
LoT;er angles of dead rise resulted in increased trim at 
the hump and decreased trim at speed coefficients ahove 
4.0. This effect on the trim at higher speeds may account 
for the fact that the effects of angle of afterhody keel 
extended to higher speeds for the models with greater val- 
ues of angle of dead rise. 

G-eneral Tests 

The variation v/ith speed coefficient of "best trim, 
resista,nce coefficient at Ijest trim, and t r imm ing— mom ent 
coefficient at best trim, derived from the data obtained 
in the general tests, is given in figures 4 to 5 for the 
models of the 126A series, the 12GB series, and the 126C 
series, respectively. Resistance coefficient and trimming- 
moment coefficient plotted against trim are shown in figure 
7 to provide direct comparisons of the results of the gen- 
eral tests. Comparisons of the curves in an^/ of the three 
groups of figure 7(a) shew that, at hump speed, decreasing 
the angle of afterbody heel reduced the resistance at all 
trim.s, reduced the "best trim, and reduced the values of 
the positive trimming moments. Changes of angle of after- 
body heel caused appr o::im.at oly the same effects v/hen ap- 
plied to models of any angle of dead rise included in the 
investigation. At a speed coefficient of 4.5 (fig. 7(b)), 
the effect of angle of afterbody keel upon resistance co- 
efficient was negligible. At this speed the afterbody was 
clear of the water at most trims. The curves of trimming— 
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moment coefficient in figvire 7(b) shov; some effect from 
the contact of the afterbody with the water at high trims. 
This effect v;as more pronounced in the case of the models 
with greater angles of dead rise. The curves of resist- 
ance coefficient and t r imm ing— m om en t coefficient at speeds 
near get— avray, Cy = 6.0 and Cy = 7,0, are shown in 

figures 7(c) and 7(d), respectively. At hi.c^h speeds the 
effect of ani;lo of afterbody keel iras so small that the 
scatter of tlio experimental data caused some obvious ro~ 
vorsals in the comparative results. This scatter of data 
was caused in part by the changes in wind velocity that 
resulted from openings in the v/all of the building;. It is 
believed, however, that the qualitative effects of the 
changes of the models are conclusively shov/n by the curves. 
At this condition high angles of r.itorbody keel gave the 
most favorable resistance characteristics. Smaller angles 
of afterbody heel caused no change in the resistance at 
extremely low trims but caused increases in resistance 
that stcirted at approximately best trim and became larger 
as the trim v/as increased. 

The lowest angle of dead rise investigated gave the 
lov/est resistance at the hump and at all speeds above the 
hump (fig, 7), Throughout this range of speed the resist- 
ance was increased slightly by each increase in the angle 
of dead rise. This effect v/a,s consistent for each angle 
of afterbody keel that vras inv es t igat ed • A comparison of 
the curves of tr imming— moment coefficient in figure 7(b) 
shows that the action of the afterbody was influenced to 
some extent by variations of the angle of dead rise. At 
this condition the effect of angle of afterbody keel be- 
came more pronounced as the angle of dead rise was in- 
creased. This rol-tionship bctv/ecn the effects of angle 
of afterbody keel and angle of dead rise was in agrcomont 
with that observed in the results of the free— to— trim tests 
(fig- 2). 



Spray Charact er ist ics 

Photographs taken during the fixed— trim specific 
tests of the models are reproduced as figures 8 to 11. 
The conditions selected for the comparisons, 11^ trim at 
hump speed and 5^ trim at a higher sp.ecd, Cy = 5.0, cor- 
respond c?-ppr oximat ely to conditions at v/hich flying boats 
incorporating these linos might operate. 

The effects on spray of angle of afterbody keel at 
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hump speed and at planing speed are shov/n in fi^^ures8 and 
9, respectively. In the fixed— trim condition at the hurnp 
speed, the lov;er angles of afterbody keel restilted in 
slightly- lower spray from the forehody and considerably 
more spray from the afterood^^ a-id the tail extension. 
The spray around the tails should he disregarded in this 
comparison "because the tail extension of the model v/as 
moved with the afterbody v/hen the angle of afterbody keel 
was changed. At higher speed (fig^ 9)> lowest angle 

of afterbody keel ca*ased the spray to strike the bottom 
of the afterbody. This effect became more pronounced at 
s p e c d s no c'.r g e t — a v/ ay • 

The effects on spray of angle of dead rise at hump 
speed and at planing speed are shov/n in figures 10 and 11, 
respect ively* ^he height of the spray decreased as the 
angle of dead rise incrcasf;d. This effect is shown at the 
conditions of both figures 10 and 11 and v/as observed 
throughout tlie range of speeds inv es t ign t od , At extremely 
lew speeds, the bov/s of the models vrith low dead rise 
v/ere much dirtier than those with higher dead rise. The 
stern views in figure 10 shov/ that, at an angle of dead 
rise of So^^ , the afterbody of model 1.^6C-3 was in the 
water at tost conditions at which the afterbodies of the 
motiels of lov/er dead rise were clear of the vj-ater. 



Working Charts for Hodel 13o3— 2 

Inasmuch as any change in angle of afterbody keel or 
angle of dead rise \.^ill cause both favorable and unfavor- 
able effects upon the performance of the model, the selec- 
tion of an optimum angle of dead rise or an opt im.um angle 
of aftorbody keel is difficult if not impossible. It is 
possible that the angle of dead rise or the angle of after- 
body keel selected for a flying boat might depend to a 
large e:.:tent upon other characteristics peculiar to the 
design or upon the operating conditions that are antici— 
pated. The results of the tests, however, have shown that 
model 1253—2 represents a fair compromise of the two angles 
investigated. Because of this fact and because model 
12oB— 2 is more representative of current practice, working 
charts derived from the general tests of this m.odol are 
given in figure 12, The derivation and the use of the 
charts are described in detail in reference 5, 



COITCLUSIOITS 



The resulos of the present investigation v/ere in 
agreement Vv'ith the results of previous research on the 
effects of angle of afterhody keel and an^le of dead 
rise. Because of the large number of configurations tested 
and the agreement with the results of other tests of varied 
types of model, it is "believed that the fcllov/ing general 
conclusions may he drav/n from the resixlts of the present 
tests:" 

!• At practicatle angles of dead rise, increasing 
the angle of afterbody keel increased the resistance at 
lov; speeds and at the hump, reduced the resistcince at 
high speeds, increased the best trim^ and increased the 
trill in the free— to— tr in condition. 

2* Increasing the angle of dead rise in the normal 
range for V— bottom hulls increased the resistance at the 
hump and at higher speeds and reduced tiie height of spray^ 

It v/as als:^ observed in the iDresent tests that larger 
angles of dead rise caused the afterbod:-^ to remain in the 
v;at er at higher speeds ♦ 

Langl ey Kern or ial Aer cnaut ical Labor at or y , 

Kiitional Advisory Committee for Aeronautics, 
Langle^'- Pield, Ya. 
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APPENDIX 

DSHIYATIOK OF STATIONS OF HODSLS 126A 
A¥D 126C rP.OH MODEL 1263 



Prom figure 15, the an^i-le of dead rise of the straight 
portion and tiie hreadth of the chine flare at each station 
of the fore'Dody of model 126B are obtained from the expres- 
sions 

X = sin 9 

Then, lor the corresponding station of the clcriYcd raodols ^ 
for model 126A, 

9 = 8o - 5° 



for model 126C, 



B = A tan e 
where A is the same as for model 1253, 

H;, = X/sin 9 
where X is the same as for model 126E, 

Y = (A - X) tan 9 
and S = Y + Si(l--cos9) 

The height of chine of the aftorood:- is obtained from the 
expr es s i on 

B = 1^^ tan 9 



where r is the same as for model 126B. 
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TABLE I. - OFP-'SETS FOR NACA LICDSL 126 SERIES 
[[All values given in in. J 



Station 


Distance 
from, 
forward 
perpen- 
dicular 








All 


models 






Model 126a 


Model 126b 


Model 126c 


A 


c 


F 


G 


H 


J 


R2 


^5 


B 


E 




B 


E 




B 


E 


«1 


Forward 






































perpen- 
dicular 

0.1 
• 2 
1.0 
1.1 

1.5 

2.2 
2.U 
3.1 

u.i 

5.1 

11 

6.2 
7.0 


0 

J. 00 

U.75 
6.50 
8.98 
11.^6 
15.9I+ 

21.61 
26.81 
52.07 
,37.Uo 
/U.1.49 

I4.6.2S 
50.94 
55.62 
60.51 
65.00 
70.00 
72.50 


2.09 

5.08 
5.68 
6.19 

6 S7 
6.96 
7.00 
7.00 
7.00 
7.00 
7.00 
6.92 
6.65 
6.52 

6.01 

5.70 
5.57 
5.21 


11^.55 

6.06 
l^..o6 
2.69 

1.52 

.51^ 
.25 
.16 
.07 

0 

.70 
1.22 

1.73 
2.2k 
2.76 
5.27 
J. 82 

Ii..io 


7.00 
6.92 
6.1^9 

5.^0 
i.lio 

.10 


5.08 
2.95 
2.78 
2.62 
2.5i+ 


1.10 
1.60 
2.11 
2.61 
5.15 

5.1+2 


2.85 

6.97 
7.51 


1^.00 

5.79 

3.38 
5.16 
5.05 


1.11 
1.11 
1.11 
1.11 
1.11 
1.11 


1.27 
2.61 
5.28 
5.66 

3.59 
5.29 
5.00 

2.27 

2.21 
2.21 
2.21 
2.21 
2.18 
2.05 
I.S2 
1.1+9 
1.07 
.14+ 
.05 


O.9I1 
2.07 
2.67 
5.02 

2.97 
2.71 

2.1^-7 
2.10 
1.88 
1.81; 
1.81; 
1.81; 


1.98 
2.11 

2.55 
2.75 
3.1+1 
4.57 

6.87 
7.50 
7.55 
7.55 
7.55 


1.51+ 
5.12 

1+.32 

4.02 
3-72 
3.26 
2.96 
2.90 
2.90 
2.90 

2.90 
2.87 
2.69 

2.59 
1.96 

i.4i 
.58 
.04 


1.12 
2.W+ 
5. 16 

5.59 
3.55 
3.39 
5.06 
2.68 

2.45 
2.41 
2.41 
2.1+1 


1.71+ 
1.90 
2.10 

2.47 
5.00 

5.77 
4.52 
5.57 
5.95 
5.95 
5.95 
5.93 


I.8I4. 

3.71 
4.66 
5.22 
5.17 
4.85 
4.52 
I+.05, 

5.64 

3.64 
3. 61+. 
5.60 
5.38 
5.00 
2.1+7 

1.77 
.75 
.05 


I. 52 
2.89 

VI 

II. .22 

3.29 
5.06 
5.01 
5.01 

5.01 


1.56 
1.74 
1.92 
2.25 
2.71 
3-33 
5.95 
4.71 
4.95 
I+.91 
4.91 
I+.91 



*F indicates forebody; A, afterbody. 
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Diagram for TalDle !• 
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FIGURE LEGENDS 



Ji^-Lire 1.— Lines of ImACA nodel 125 series, 
(a) Ilodels 126A-1, 12GA~2, and 12.5A-5 . 
An^^:le of dead rise = 14a . 

Figure 2.— Sifect of an.-^^le of afterbody keel on free— to— 
tr iia char act er i s t i c s » 

("b) Lodels 1263-1, 1263-2, and 12S3-3^ 

An{C-:le of dead rise = 19^, 

Fi.ccVwre 2»— Continued, 

'(c) Ilodels 125C-i, 126G-2, and^l2SC-3, 
An;;;le of dead rise ~ 23J^, 

Figure 2.— Concluded, 

Fioj-are 3,— Effect of an;^'le of dead rise on f r ee— t o— tr im 
cliar act er i st i cs . Models 12oA— 2, 1263—2, and 126C— 2. 
An.-^le of afterbody keel = Si^. 

(a) llodel 12oA-l. Angle of afterbody keel, 4^. 

Figure 4,- Curves of an^^^le of best trim, resistance coef- 
ficient at best tri::, and tr imir.ing— moinent coefficient 
at best tri:n. liodel 126A series. Angle of dead rise, 

(b) Ilodel 126A-2. Angle of afterbody keel, 6 J- ^ . 

Figure 4»— Continvied, 

(c) Ilodel 126A— 3, An;;:lc of afterbody keel, . 

Figure 4.— Concluded. 

(a) ilodel 1263-1. Angle of dead rise, 19^. 
Angle of afterbody keel, 4^. 

Figure 5,— Curves of angle of best triya, resistance coef- 
ficient at best trim, and triinning— moment coefficient 
at best trin. Model 1263 series. 





Model 1253—2. 


F igur e 


? Continued, 


(c) 


Model 1253-3, 


F i gu.r c 


5,— Concluded, 


(a) 


Model 125C-1, 



Angle of afterbody keel, 4^. 




h/gure I. — Lines of N A C A model 126 series. 
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Figure 2. - Effect of angle of afterbody keel on free-to-trim characteristics. 
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Figure 2 . • Contloued. 
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Figure S . - Effect of angle of afterbody keel on spray 
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Model 126C-1. Angle of afterbody keel. i+o. 




Model 126C-2. Angle of afterbody keel, 6° 15*. 
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Figure 9. - Effect of angle of afterbody keel on spray 

at planing speedCu - 5.0 (approximately) 
50 fixed trim; Ca - 1.027; angle of dead 
rise, 230 16». 
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Figure 10.- Effect of angle of dead rise on spray at 

hump speed. Cy « 3.0 (approximately); 
90 fixed trim: Ca - 1.027; angle of 
afterbody keel, 5° 30». 
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Figure 11.- Effect of angle of dead rise on spray at 

planing speed. Cy - 5.0 (approximatel; 
50 fixed trim: Ca - 1.027; angle of 
afterbody keel, so 30». 
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Figrare 13.- Diagram illustrating the method used for the derivation o 
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